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Near Earth Asteroid Returned Sampl 





artm Marietta Aerospace Study Team 

R. Brewer Return Capsule Lead Engineer 

D. McGaughey Return Capsule Mechanical Engineer 
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Prime mission is January 2000 launch to (4660) Nereus, probably a 
primitive C-type asteroid; backup mission is January 2002 launch to 
Nereus 

Launch Vehicle: 

- Delta 11-7925 
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Target Asteroids: 

• 4660 Nereus, probably a primitive C-type asteroid (prime target) 

• 1989ML, an extremely accessible asteroid of unknown type 
(alternate target) 

Launch Vehicle: Delta 11-7925 
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and has successfully obtained > 40 gm samples from hardened 
concrete and loose sand 

Warm sample return - Asteroidal rock and regolith samples can be 
handled like lunar samples with existing techniques and facilities 
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Point high gain antanna to 
Earth, Inatrumanta to a* taro kl, 
sun within 70° of full Kim i nation. 
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Rotation: Unknown 
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Radio Science Many missions 
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minor changes to propulsion system 

No hardware changes to command and telemetry, guidance 
and control, attitude subsystems 
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Measurements will be made that are not feasible with remote 
sensing, such as determination of isotopic reservoirs, 
crystallization and shock ages, cosmic ray exposure ages, 
thermal evolution, and collisional evolution 
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Characterize exotic fragments not typical of the bulk 
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, and density (to about 10%) 




Near Earth Asteroid Returned Sample 


T 

<o 





■D 

(0 

O 




d) 

o 



i r w 

o x g. 

in in i 

CM CD 


a> 

CD 


•2 O S 

8 £ c 
£ o.2 
lI ° -- 
n 1 " S 

O X n 

in in * 
cn co 


£ 



£ 


CM 


O 

■ MB 

3 


O 

CO 

CD 

© 

O) 

c 

CO 


o 

CO 0) 

o o 
c w 

It 

O) 3 

o co 


A ^ 

co o 

CD O) 

Q. £ 

CO O 

co ^ 
X 2 

'<73 2 


CD 

o> 

CO 

£ 

> 

CD 

e 

3 

0) 


0> 

O) 

CO 

£ 


c 

0) 

o 

co 

CD 

O 


0) 

<3 


£ 



o 

CO 

CO 


o 

o 

0) 

o 

o 

0) 

CL 

£ 

CO 

<0 


Radio Science: Two-way Doppler to 0.1 mm/s 
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Accommodate a cluster of sampling tubes (“six-shooter”) for 
multiple samples 
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Proves the sampling technology for more challenging sample 
return missions (e.g., a comet nucleus). 
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Provides extraterrestrial materials of high chemical pristinity. 

Allows the possibility of obtaining samples with geologic 
context, so as to unravel the geology of asteroidal bodies. 
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Descent imager is another flight spare Clementine UV-Visible 
imager, with filter wheel modified to accommodate close-up 
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require 3x more power and are expensive 

- Designed for inexpensive manufacture and calibration; optics, filter wheel 
and camera assembly are modular 

- Common control and data bus architecture for ease of integration and test 
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Size (cm): 10.5x12x16 
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- 12.0 W step power 
• 1.2 W hold power 

Baffle/lens mounted to camera housing 
Mass <483 g 
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camera 4.5 W 

filter wheel 1 .2 W hold 

12.3 step 
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Container size, 25.4 cm diameter x 30.5 cm length 
Sample to be maintained below 400°K 
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TIME FROM 500 KFT (152 KM) 
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Recommendation: 0.5 inch carbon phenolic over entire forebody 
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5.3 Total (one sigma) =» 16 km (three sigma) 
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Reentry Flight Path Angle (deg) 
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Solar Arrays (4) 
Shown Stowed 
1 Deleted for Clarity 
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— Spares assembled Into flight validation simulator after launch 

NEARS radiation total dose less than 15 krad 

- Most NEAR subsystems compatible without modifications. 
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Launch Phase Battery Depth of Discharge: <20% 
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Emergency command uplink possible using low gain and fan beam 
antenna over entire mission 

- Paired LGAs provide omni-directional coverage 

- Watchdog timer used to switch between antennas 
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Downlink data coding: convolutional (R = 1/6, k = 15), 
concatenated with Reed Solomon (255,223) 
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(3) Spacecraft transmitter *5 Watts 

(4) Data margins and canter margins of 3 dB or greater 

(5) Uplink Pe ■ 1 x 10* 

(6) Downlink Pe « 1 x 10* 

(7) 70m Goldstone Station planned upgrade to add 20 kW transmitter - complete by 5/99. 
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pyro valves and filters 

IVpical S/C pressure and temperature monitoring and 
thermal control 
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Analog shunt resistors are placed outside the spacecraft to radiate 
heat directly to space 

Bus voltage range: With the battery on the bus: 22 to 34 volts 

“Solar only” mode, no battery: 33.5 ± 0.5 volts 
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Power system electronics are redundant 

Power system fault detection and correction is 
performed by the C&DH system autonomy 
function 
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Onboard storage of science/engineering data 
Fault protection 
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Mass: 6.0 kg per unit 
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2 flight units: 

- Power: 3.25 Watts per unit 

- Mass: 1.55 kg per unit 
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Accommodate a cluster of sampling tubes (“six-shooter”) for 
multiple samples 
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Minimal alteration and contamination of sample 
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There is no robotic manipulator arm for sample handling 




Near Earth Asteroid Returned Sample 


r-~ 

6 
c n 



Solar Arrays (4) 
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Mechanical contact sensor triggers firing of sample collector 
and initiates liftoff burn 
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Spacecraft maintains continuous telemetry link to Earth 
during descent and touchdown 
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accuracy of several meters in position, several mm/ 
sec in velocity. 

Open loop control is cheap. Closed loop control using 
an altitude only sensor is also relatively inexpensive. 




Near Earth Asteroid Returned Sample 




a 

< 



C 

o 


o 

o 

I- 

(0 

'</> 

<s 

c 

< 


2 

o 


- o 

u 


rn «j 4- 


O) 

^ o 


O) 

C 

■ MB 

-o 

c 

CO 

-J 

■u 

■ MB 

o 

o 


o 

« 

3 

E 

‘55 

O) 

c 

T 3 

C 

ro 

■o 

o 

o 

*-> 

(A 

< 


> 

(0 

i_ 

O) 


5b ■o 

< o 
o E 

CO g 

o 

O) o 
3 (0 
C (0 

s E 

d) 

c .tr 
■" c 

c ;= 

d) 

m to 
.-3 O 
^ (A 

£ D 


C 
(0 

__ 4 -> 

© -3 

x> 3 

o • 

E © 

© g 

© 3 
« CC 
3 


</> 


o 


■g O 

o 5 

CA ^ 
.9- (A 

o i 
8 r 

(A O 

D Q. 


s § 

O) 0 

2 2 

a £ 

8 *o 
3! 0) 

(A (A 
3 O 

k. — 

£ © 

0 . 1 

gf 

a. c 

O a 

n x 

O 0) 

<A © 

5 n 

O C 
— <0 
< O 


to I I 1 I I I ' 

< 


2 g 

8 I 

o o 

0 c 

d) (0 

C £ 
e 0 

1 § 

O) Q. 

2 & 

CL 

C 

CA d) 
-1 d) 

£ 

d> 

(A £ 
C = 

o 

i s 

O) d> 2 

CoS 

S 1 


o sl 
> 


o 

(/) 


trajectories 

Written in Manugistic APL 
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braking burns under closed loop 
control, or single 1 m/sec braking 
burn followed by continual 0.015 
m/sec “puffs” at 60 sec intervals 
(open loop) 
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Mission Timeline (49-month Nereus Mission 
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• Maintain high-gain antenna toward Earth 
During Landing Phase 

• Point fanbeam to Earth 

• Descent to asteroid and liftoff is a single 
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Operating methods based on NEAR 

• Small, skilled Operations Team 

• Cross-trained team members 

• Team members experienced on NEAR 
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- Supports the Mission Operations Team for critical events 

Asteroid Sample Analysis Review Board 

- Established by NASA 

“ Oversees allocation of samples to investigators 
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maneuvers. 

The Mission Design Team combines science objectives with navigation data to generate plans for observations 
and events. 
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Mission Operations Team 

• Uploads burn commands 

• Monitors burn in real time 
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Commands and monitors sampling events 

Conducts daily operations, including fix-up burns, between 

sampling events 
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<0 

c <5 

.2 % 

8 5 

£ £ 

S o 


(0 


O) 

o 

o 

c 

o 

0 

H 

5 

0 


w 5 

i < 

Q. T3 
0 CO 

s s 
s l 

c i E 
O c ? 

(f) O 

3 2 w 
^ o c 
C to O 

r S » 

S* CO 3 

OJ n a 

o g o 

O 2 a 

c tn 15 

£ C 

Q o o 

<D ® ’5 

hSo 

$ 

<D 


o 

c t; 


CO 

o 

a 

3 

O 

CO 

o 

Vm 

o 

O 

CO 

a 

CO 


a> 

o 

• MB 

JZ 

a) 

> 

>» 

k_ 

♦- 

c 

0) 

<u 


£ o 

I ^ 

(0 fl) 

f § 

9- ° 

Q. 4) 
<0 »- 

CO CO 

4-rf _ 

0 

z: 

a § 

& V 
0) s 
c 9 


c 

o 

'3 

CO 

N 


3 

0 

k. 

3 

i- 2 

£ 5 
</> - 
C a> 
CO *o 

Vm r 


o> 2. 

9 (0 


r 
(0 
HI 

o 

_cn 

.2 
’C 
0) 

(0 

a > E 

o _ 
(0 (0 
a -c 

r • 
£ £ 

c ® 
o % 
~ Z 

CO x 

O ® 

I &! 

o) E 


(0 


o 

5 » 

o g 
«> 2 


I I 


I 


£ 

<D 


C 3 

If 

£ o 

o V 

*9 ^ 

5 o 

QC _J 


I I I 


NT-1 






Ui 



</> 

<D 

> 

umm 

ts 


CO 

o 

c 


CO 

a> 

O) 

CO 

E 

■o 

o 




</) 

CO 


C 

.2 c 

IS s 

o CO 

% I 

hi a> 

LU </) 

CO 


CO 

o 


CO 

c 

o 

to 

k. 

a> ^ 

Q. O) 

O c 
0 ) 0 ) 
.£ | 

= ■! 

® c 

CD 
O 
CO 

a> 


o 


O -O 


fl) 


£ E 

£ O O «= 


CO o 

CO CO 
*-* — 

c CO 

CD >* 

“2 « 
2 c 
CO w 

T3 .£ 

c§ « 
> 2 
5 2 


CO 

a> 



<0 § 
0) .2 

CO 

0) 

aS 

c 

.tS 3 
C £ 

Ui 

CO 

0) 

3 'Z 

CD 

c 

SS 

c 

c 

c 

CL-O 


o 

a) 

Q. 0) 

o c 

CO 

a) 

o 

E 

■ MB 

2 " 
1 § 

c 

a> 

3 

to 

0) 

k. 

2 .2 
0. > 

D“ 

a> 

CO 


g « 

*•“ CO jjp 
>3 5 

■- "5 E 

® o) “2 

.2 T3 i 

= = (A 
3 CO Jj 

O S Q. 
CO £ 

C 3 § 

CD ^ CO 

£ s £ 

§ 2>o 
S-o2 

? c CO 
£ 3 CO 





2 



u 

3 



O 

3 

O 

3 

w 

c 

O 

£ 

<D 

O) 

(0 

c 

(0 


o> 


CC .ts 
< 2 
W o> 
z ^ 

11 

o ® 
£ o 

£ o 

§ i 

■n O) 

S O 

!§£ 

A CO 


o i 0 
3=0 


CO 


CO *£- 

£ o 


CO 


0 CO 

£ c 
0) 


0) 

0 £ 

= o 

0 ) c o 

> co 
O o 0 
—I CO "3 

oil 

188 


w 

XL 

CO 

£ 

0) 

o 


CO 

£ 

© 


CO 5 


o 

+-» 

0) 

CO 

c 


w 

i 6 

.-2 o 

fll CO O 

5 5-0 
Z 2 c 


ui 


£ > 


$ 
o 

1? z 


a o 
< c 
3.2 
i g 

H- O) 

o o> 
c c 


o 

U) 

c 

0) 

CO o 

§ u: 

s < 

0) 


8. - 

O = 


ii 

2 « 

CO 0 


w 

kZ 

•> CO ~ 
> 0 

■ 

© 

© 

c 

CO 

3 

W 0 

w u m 
0 0 4- 

n 

> 

0) 

CO 

o - 

+* _q = 

mmm 

*o 

w 

"O 

CO 

<u 

co ■“ ■o 
o> = r 

5 

0) 

c 

© 


£1 *0 
O) c 

3 CO 

o «- 

o c 
■ ® 

CD E - 
• Q- £ Z 

CO 

o 


o> 


o 

o 


w J o 

o) 2 a 

c 

« 2 5 . 

E o. < 


CO > T3 

® O 3 

I1= E 

2 >S £ 

Q- s _ o 
o 2 ?h 
.E £ co o) 

a 0 £ c 

h o £ <o 


o> * 

CO O 
C **“ 

co 0) 

SS 

o 1 
a) E 
•?r o 
o Q. 

it ® 
a 0 

0 »- 
£ 0) 
I- .a 


ii 

to € 

.£ 2 
* o 
^ 0 
co O 
»- CO 

o Q. 

d) co 
o v/ 
co 0) 

S’ H 


APL, who will serve as a technical lead for design of the 
spacecraft, asteroid operations, and sample collection system 

T. B. Coughlin and A. F. Cheng are the Project Manager and the 
Project Scientist, respectively, for the NEAR mission 
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Launch procurement 
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observing campaign 

Assist in design and planning of asteroid operations, 
including survey and landing phases 
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meteoritic, cometary, terrestrial, and lunar materials 
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